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ABSTRACT

This Final Report describes the progress made in analysis, develcpment
and evaluation of a subreflector array illumination control technique. The subreflector
array technique is used in conjuncticn with a parabolic reflector and feed horn to reduce
antenna noise temperature while providing increased antenna efficiency. This report
includes the results of a model test program which indicates a2 model efficiency of 68
percent and a noise temperature of 27 degrees kelvin over a 5 percent X-Band frequency
range. Discussior also includes a focal fed lens array design and application to
conical scanning and monopulse systems.
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EVALUATIOR

Ar inverse taper producing subreflector array technique used to
replace the hyperbolic subreflector in & Cassegrein antenns systex was
furtber investigated and developed during this continuatiorp effo:t %o
achieve improved antenna =fficiency, noise temperature and rgdietion
chsracteristics. The subreflector array used in the Cas3egrair config-
uration is designed to transforzm a tapered feed pattern function into a
neerly uniform main parabolic reflector sperture illumination function.

The initial Z-band breadboard model antenna constructed voder 8
orior study program provided satisfactory radiation pstter:. characteris-
tics in only one of iwo principal plaaes. Larze pattevn perturosiion
errors exhibited in the orthcgonai plsne of the antenns resulted in de-
gradetion of the overall model geain and noise temperature parformance
levels., Thais was attributed to higk surface coupling between adjacent
celis in that plane of the subreflector array structure. The mcdel con-
sisted of 2 10 ft. mair parabolic refiector with a =xiticellular, polar-
ization independent, subreflector array structure fed by a dusl mode
conical feed horn. The detailed results of the study program and design
para=sters are discussed in RADC-TR-65-165, Final Report, entitled, "Low
Hoise2 Antenna Technicues”, dated July 65.

In the follow-un effort, & linearly polarized subreflector array vas
fabricated to replscs the subreflector used in the existing feasibility
antenns =ndel. Corrective design technigues incorpcrated into the array
structure included reduced elezent spacing and refinement of th® shoriing
surface geometry. Model measurezénts zoducted with the use of either 2
pencil beam= or =onopuise feed demcnstral-d satisfactory antenns perform-
snce over & 5% frequency band. Antemna pattern data in terms of bezs-
width, sice lobe level and null locations indicates that (1lumination
transfor=ation is being achieved in both principal planes of the Subre-
flector array. The 68% antenns efficiency obtained répresents a2 35% im-
prove=ent over that provided by the initial.y comstructed model. A sig-
nificant improvement was achieved in antenas noise temperature pérform- i
snce. HModel antenna noise temperatures obtained uxing the peacil beam %I
and moncpulse feeds vers 27°K eand 329K, respectively. Thé antenna noise
tezperature provided by the initielly constructed model was TO°K.

Hiniz=u= perforzance reguirements were zet with the exception of
bandwidth which is 5% rather thut the specified 10% at X-band. In £3df-
ticn, H-plane bea=widths are slightly btroader than specified. Resuylts of
the effort provided design information and performance limitstionis oo a
subrflector array technique which can be used with a main parabolic re-
flsctor in a Cassegrain geomstry to enhance tracking antenna performance.

wlle et

Project Engineer




SECTICN 1

INTRODUCTION

This final technical report describes the results obtained in the
development and demonstration model test of an inverse taper illumination
technique which is applicable to parabolic reflector antenna systems. This
technique (1, 2, 3, 4, 5) consists of replacing the Cassegrainian hyperbolic sub-
reflector with a subreflector array structure to provide additional aperture
illumination control. The focal fed parabolic reflector version ccnsists of
introducing an illumination control lens array between the feed and reflector.
These techniques can be used to provide a better compromise for iow antenna
noise temperature and high antenna efficiency. (See section 8 for all references.)

At the conclusion of the second quarterly program phase (5) a linearly
polarized subreflector array structure had been fabricated and was ready for
test. Also, a polarization independent subrefiector array structure had been
designed and calculations had been made to evaluate its performance., An X-band
model antenna had been selected to demonstrate performance. Pencil beam feed
tests had been completed and a monopulse feed had been designed in preparation
for subreflector array model performance evaluation. Also during the second
quarterly period, normal incidence surface impedance studies were conducted
and model tests, using a simple hyperbolic subreflector, were started.

Progress during this final report period has included the following:
1. Hyperbolic subreflector tests

2. Surface impedance studies and tests for other than a normal oriented
reflected wave

3. Linearly polarized subreflector array tests using various shorting
surface geometries and various surface matching configurations

4. Tests using both 2 pencil beam and 4 moncpulse feed

5. Polarization independent subreflector array tests

6. Model antenna gain and noise temperature evaluation

7. Lens-array design studies for a facal fed parabolic reflector
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) Linearly polarized subreflector array tests with the pencil beam feed
have demonstrated a model efficiency of 68 percent aver a 5-percent frequency

band, This represents z significant improvement as compared to a model
éfficiency of 51 percent using a simple hyperbolic subreflector. Tests with the
monopuise feed bave 2180 demonstrated an efficiency of 68 percent. Moedel
antenna noise temperature using the pencil beam and monopulse feeds are 279K
and 329K, respectively.

The goals established for the test model using the pencil beam and
monopulse feeds are as follows:

. Parameter

Noise temperature
Efficiency

Bandwidth

Half power beamwidth
10-dB beamwidth
20-dB beaniwidth
First-two sidelobes

Other -gidelobes
- within 150

'»Remaxmng sidelobes
- t0-+1800

Polarization

Pencil Beam
Minimum

509k

68%

5% at X band
46 dB

Less than1.3
Less than 0.75°
Less than 1.3°
Less than 1,70
Less than-15dB

Less than-25dB

Léss than-40dB
Linear

Pencil Beam
Objective

35°k

74%

+10% at X band
46 dB

Less than 1.3
Less than 0.70°
Less than 1.2C
Less than 1.7°
Less than-15dB

Less than-25dB
Less than-40dB

Linear and
circular

Monopulse
Objective
50°K
60%
+5% at X band
46 dB
Less than 1.5
Less than 0.8°
Less than 1.4°
Less than 1.9°
Less than-15dB

Less than-25dB

Less than -40dB

Linegr

o ‘With rslatively few exceptions the minimum requirements and the
objectives have been achieved. The major exception is that the subreflector
array bandwidth is found to be 5 percent rather than 15 percent. Also, but of
lesser zmportance, the beamwidth is somewhat broader than anticipated. The
followmg is a tabulation of the model results achieved:

)
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Parameter

Noise temperature
Efficiency

Bandwidth

Gain

VSWR

Half power beamwidth
10-dB beamwidth

20-dB beamwidth

First two sidelobes

Other sidelobes within +15°
Remaining sidelobes to +180°
Polarization

Pencil Beam
Performance

279K

68%

5% at X band
46.5 dB

Less than 1.3
Less than 0, 82°
Less than 1. 4°
Less than 1. 8°
Less than ~15 dB
Less than -26 dB
Less than -4C dB
Linear

Monopulse
Performance

32°k

68%

5% =t X band
46.1 dB

Less than 1.3
Less than 0, 85°
Less than 1. 4°
Less than 1,9°
Less than -15 dB
Less than -19 dB
Less than ~40 dB
Linear

A review of the measured performance indicates that significant gain-
noise temperature performance improvements have been achieved over a 5-per-
cent frequency band as compared to a conventional Cassegrain sabreflector

configuration,

Although the results achieved are encouraging, additional work can be
done to improve further the subreflector array performance. Results indicate
generally 10 percent broader H-plane beamwidths and lower near-in sidelobes,

as compared to the E-plane performance.

This results in 3 somewhat reduced

efficiency, as compared to theoretical, and is the result of inherently poorer
H-plane element impedance match and element pattern characteristics. Results
indicate a significant improvement is possible by applying a shorting surface
adjustment to minimize the aperture phase error, but the amplitude error due to

element mismatch remains a degrading factor.

to be highly astigmatic without this control.

The subreflector array is found

Results with the polarization independent subreflector array indicate a
model efficiency of 43 percent. This poor performance is due to inadequate
element surface impedance description for this dielectrically loaded waveguide

configurgtion.
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SECTION 2

PROGRAM DESCRIPTION AND BACKGROUND

The purpose of this program is to develop, demonstrate, and evaluate
4f inverse faper transformation technique that will reduce reflector antenna
noise temperature while providing increased antenna efficisncy. The inverse
tiper technique consists of introducing a structure into the reflector optics,
fiector aperture iliumination function that is consistent with low noise tempera-
fiire and high aperture efficiency requirements. For a Cassegrain antenna, the
inverse taper transformation is affected by a subreflector array structure which

- replaces the hyperbolic subreflector. This provides control of both the para-
bolic reflector aperture phase and amplitude il'umination function. The com-
parable inverse taper structure for a focal fed parabolic reflector system
woild be a constrained lens located between the feed and reflector. Transfor-
mat{oncf the feed pattern by the inverse taper producing structure permits
@ﬁm;zat:on of the resulting amplitude illumination function. For a high
efficiency, low noise temperature design, the illumination function, as viewed .
from the paraboloid focus, will approach that of uniform illumination within the
included angle of the parabolic reflector, and will approach zero in the remain-
ing spillover region.

Within the stated low niise temperature - high efficiency objective,
principal areas cof investigation included:

# Modificution of the inverse faper transformation design equations to
include subreflector array surface interaction effects

¢ Adjustment of the subreflector array shorting surface {o achieve
optimum inverse taper transformation performance

& Study and iraplementation of modified subreflector array configura-
. tions to minimize surface interaction effects, including reduced
intercell spacing techniques

e Additional inverse taper transformation diffraction limitation
studies and efficiency-noise temnarature fradeoff evaluation and
test

s Evaluntion and test of the subreflector array as applied to pencil
beam, monopulse, and conical scanning feeds




The above prugram is a continuation of the effort reported ander
contract AF 30(602)-3382(1,2,3), The analytical investigation initially estab-
lished the design techniques for utilizing an auxiliary structure to preduce a
special inverse taper transformation of the feed pattern. This structure was
designed to modify a highly tapered feed pattern to provide a nearly uniform
main parabolic antenna aperture distribution. The general fcrmulation included
generation of the design equations, evaluation of parameter variations, and sub-
sequent optimization of various antenna configurations. This formulation in-
cluded diffraction pattern limitations and noise temperature evaluation so that
efficiency-noise temperature compromise design criteria could ve established.

As a check on the estabiished theory, an inverse taper transformation
X-band feasibility model antenna was assembled. This unit consisted of three
major components:

e A paraboloidal reflector which is 10 feet in diametc., focal length
to diameter ratio of 0.4, and surface tolerance of +1/32 inch

e A subreflector array, which is a multicellular struciure (259 cells),
approximately 15 .nches in diameter, and 10 inches deep to
accommodate the adjustable shorts used for the model

& A dual mode (TE;1© and TM11°) conical feed horn, s:lected and
designed for low spillover and axially symmetrical paltern per-
formanee characteristics

The tests conducted during the above referenced program demonstrated
that inverse taper pattern control is possible, and indicated that further develop-
ment of this technique could be expected to provide improved antenna efficiency-
noise temperature performance. The design equations, which were established
to produce inverse taper transformation, were found to be satisfactory for only
one of the two principal planes of the subreflector array. In this plane of the
array, mutual coupling or surface wave effects on the face of the structure were
found to be small, and iuverse taper transformation was achieved. This was
evidenced by a high degree of correlation between measured and calculated
beamwidth. sidelobe, and spillover performance characteristics. In the
orthogonal plane of the subreflector array, however, the design equations were
fourd fo be inadequate to account for the more severe surface wave effects.
Subsequent correction of the subreflecior array siorting surface improved the
patiern characteristics in the region of the main beam. Additional fine correc-
tion was suggested to reduce the near-in sidelobe power and spillover power.
The difference in surface interaction effects, for the subreflector array siruc-
ture, was attributed to the difference in effective element spacing in the two
planes.

Based on the results of the above program, further development of
inverse taper transformation for high efficiency-low noise temperature antenna
design was recommended and initiated. The present program is a direct resuit
of the recommended effort and is a continuation of the inverse taper fransforma-
tion investigations.
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‘ During the first quarterly period (4), a computer program was written
to simplify the design of a subreflector array. This computer program also

provides feed and array pattern performance, aperture illumination efficiency,

and back hemisphere spillover loss. This program was used to calculate the
performance of the polarization independent, unloaded, square cell array, for
which test results had been obtained on a previous phase. {(3) The calculations
indicated the need for reduced subreflector array element spacing to improve
its performance,

V Subsequent calculations were made using unloaded rectanguliar wave-
guide for use with a single linear polarization design. Substantial improvement
wase predicted and work was initiated on the design and fabrication of a linearly

polarized subreflector array model.

Subreflector array zoning techniques had been evaluated. These could
be used {o reduce the depth of the subreflector array and to increase the band-
width of the device. The design technigue was extended so that array zoning
antomatically can be generated and evaluated with a digital computer.

Studies were reporied (4) to extend the geometrical optics description
for location of the subreflector array shorting surface. These studies indicate

‘that adjustment of the shorting surfzce could be used to compensate for the

array eniry surface mismatch effects. The analytical description of the sub-
reflector array was extended to include surface mismatch, and tests were

.glanned for measurement of the necessary parameters.

B.nng the second guarterly period (5) progress was reported with

regard to linearly polarized and polarization independent subreflector array
_techniques, measurement of surface mismatch parameters for normal incidence,

zmd demonstration model subreflector array and feed design configurations.

Fabrication of the linearly polarized subreflector array was ccmpleted.
Thzs subreéflector array consists of 431 aluminum X-band waveguide cells
located on a triangular grid. The assembly has a nominal diameter of 15 inches.

Primary pencil beam feed horn pattern tests were completed. Pattern

_‘tests were conducted with the upper band and lower band horn phasing sections

to determine the 7ntimum shim lengths ss a function of frequency.

Tests were conducted on an available C-band reflector array model o
determine the normal incidence surface mismatch parameters. The resulis
then were extrapolated *~ X band. The computer program was then modified
to inciude the normal incidence mismatch parameters in the design of the sub-
reflector array shorting suriace. '

Polarization independent subreflector array model technigues, using
dielectricaily loaded square waveguide cells, were established. Patiern and
efficiency calculations were made to determine ceil spacing and loading for
this model.

J i:n i




A spun hyperbolic Cassegrain subreflector, to be used in cenjunction
with the breadboard paraboloidal reflector and feed. was designed and fabricated.
The purpose of this unit was to provide a reference with which to experimentally
determine the performance improvement that could be achieved with the sub-
reilector array.

P Tl s ek A8 s T

A monopulse feed was being assembled to demonstrate inverse taper 3
transformation with this feed type. The feed has since been completed znd zon- B
sists of two norns which are stacked in the E plane, and fed by a comparator
which consists of a folded E-plane hybrid tee. This provides a linearly polarized

single-piane monopulse feed with a sum channel and an E-plane difference
channel.
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SECTION 23

MODEL TEST PROGRAM

3-1 TEST EQUIPMENT AND PROCEDURES

"The model antenna consists of a 10-foot diameter aluminum parabolic
reflecting dish and supporting structures for feed horn and subreflector com-
binadons. The antenna mount is capable of suificient elevation motion to peak
on the transmitting dish, located 1200 feet away (far field), and allows for posi-
tioning the model antenna in any polarization plane.

The platform has 3 variable speed control and can rotate 360 degrees
in azimuth. A synchro in the platform drives a pen recorder which, for most of
the patterns illustrated in this report, prints out on the chart paper witha
5 degree per major division scale.

- Mode adapters on the feed horns used during tests provide the {ransi-
tzon to a coaxial transmission lire. The other end of the line connects to a

‘calibrated variable attenuator, crystal mixer, wide-range receiver, and the

pen recorder,

A continuous wave test signal at a fregquency between 8.2 to 10.0 GHz
is generated either by a remotely tuned backward wave osciliator, or by tuning
of an X~-band klystron at the transmitting site.

Gain measurements are referenced to a gain standard X-band horn. To
account for amplitade variations across the aperture of the model antenna, the
gain standard horn is moved in elevaticn across the aperture, and its average
signal level is selected for the standard reference level.

The VSWR of the model antenna is measured by means of a slotted line
and crystal detector mounted immediately behiind the feed horn.

Supports for the feedhorn and subreflector allow for small translations
and raotations to optimize antenna performance,

The conical feedhorn used during the test program has two sets of shims
o provide proper horn phasing at each test frequency. The monopulse type feed
is a pyramidal horn with an H-plane septum and a comparator consisting of a
folded E-plane hybrid tee. This permits an E—planfe difference channel, as well
as sum channels, in both planes. Figure 1 s_hmg; the monopulse feed assembly.
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Three types of subraflectors are used throughout the test program.
" The first is a spur aluminun hyperbola which permits a basis of comparison
for the other two subrefiector arrays. One array is linearly polarized and
consists of 431 aluminum X-band waveguide cells, located on a wiangular grid
and having adjustable shorts (see sections 3-2 and 3-3 of reference 3). The
cther subreflector array is polarization independent ard consists of approxi-
‘mately 425 square waveguide cells on a triangular grid, also with adjustable
" shorts {see section 3-7 of reference ).

The patterns illustrated and summarized generally represent the best
compromise between E- and H-plane patterns for the particular ieed-subreflec-
tor combination in test. This compromise positicn of the subroilector is
arrived at, first, by finding the optirnum E- and H-plane positions for the sub-
reilector; a different setling for each plane somelimes is necessary because of
astigmatic effects. The subrefiector is then set midway between these optimum
points and all patterns are taken for that parficuiar short-setfing at all fre-
guensdes. The maximum antenna gain has generally been found {o occur at
these compromise positions, thus wshiymg this procedure.

. 3-2 MODEL ANTENNA PERFORMANCE WITH SPUN
HYPERBOLIC SUBREFLECTOR

Figure 2 shows the entire model anienna with conical feed assembly
and the spun aluminum hyperboiic subreflecior. Alignment was carried out,
z’i.rst, by adjusting the element spacings io the calculated theoretical values.
Piatterns were then ta¥en in both E and E planes, and fine adjustments were
" made for best focus. Figures 3 and 4 illusirate the results at the best adjust-
 ment of elements, and shows the following performance characteristics:

Hailf Power i6dB 2048 First Two
ﬁeqnency Pattern Gain Beamwidth Beamwidth Beamwidih Sidelcbes
__{GHz) Plane  {dB) (degj (deg) (deg? {dB)

9.1 H 48.2 0.73 . 1.30 i.65 20
E - 0. 80 135 1.73 22

The efficiency of this configuration is 51. 3 percent, weli within the
expecied value range. A more optimum feed mx.miaaiion and less aperinre
bieckzge woald raise this figure, but the measuored vaiue is represeniative for
the systems being compared.
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" '3-3 SUBREFLECTOR ARRAY, FIRST SHORT SETTING

Figure 5 shows the subreflector array composed of rectangular
 aluminum X-band waveguide cells in place on the model antenna. Figure 6 is
‘a-view of the subreflector array showing the eniry surface contour. The first
short. setting in the subreflector array was based on 2 constant entry surface
susceptance as a function of scan angle, g = 0,384, and a normalized tangen-
tial impedance of the surface equal to unity, t1/ q = 1, All short settings are
derived-from the equation:

t (Ap/2
=g oot [y, (522 ﬁs\“’ ”] @
1 o

where d is the short depth from the entry surface, \g is the guide wavelength,
Rp1 is the normalized guide impedance (6.764), and 4¢ is the required phase
difference between input and output field vectors.

Figure 7 is the subreflector array geometry. Mechanical adjustment
for Bestfocused patterns in the H plane and E plane indicate a degree of
astigmatism. A best compromise spacing was obtained by placing the sub-
reflector array midway between the E- and H-plane focus positions. The
following results were obtained for the cptimum H, E, and compromise posi-
ticns for the first short setting:

First
Feedhorn to Half Power Sidelshes
Subreflector Array Fregquency  Pattern Beamwidth Gain withKs=spect
: Dlstance {in.) (GHz) Plane (deg) (dB) to Peak{dB)
19::85 '(opti;’mxm H) 9.1 H G.74 46.0 -20
7 19‘. 85 9.1 E 0.76 -- -15
19.1 (optimum E) 8.1 H 0.75 44.9 -12.5
19.1 3.1 E 0.72 -- -17

Results at the compromise position are shown below:

1k
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First

) _Power 10-dB Two Other
Frequency Pattern Gzin Beamwidth Beamwidth 20-dB Sidelobes Sidelobes
~ {GHz) Plane (dB) (deg) {deg) Beamwidth  (dB) (dB)
3.1 H 46.0 0.78 1.35 - 17 24
E -- 0.71 i.20 - 175 25
450 - 0.73 1.35 - 15 24
9.4 B 45.1 0.78 1.45 - 15 24
E - 0.71 1.20 -- 18 25
450 -- 0.74 1.3C - 14 22
9.7 H 46.1 0.77 1.50 - 7 21
E -- 1.26 2.75 -- 10 22

Figures 8 through 19 show the patierns obtained after the alignments.
They are representative of the performance achieved for various settings and
frequencies tested.

No significant gain improvement over a standard hyperbolic subrefiec-
tor can be detected at the desig: frequency of 9.1 GHz. However, it is reason-
able to assume that correction 6f the measured astigmatism would provide a
" ¢ain improvement.

To expedite the resetting of the shorts in over 400 waveguide cells, a
new tooi was developed, with a dial iadicator mounted on the shaft of the short
setting prohe. This tool, figure 20, allowed the short setting time to be cut
roughly in half,

3-4 SUBREFLECTOR ARRAY, SECOND SHORT SETTING

Tests were run using a second shorting surface based on a more exact
representation for the tangential surface impedance. The parameter Zﬁ/ My
in equation 1, is not held constant at unity but becomes a function of scan angie.

Zys  1-sin? 8 sin? o) +(p8;/p)? cos? oy 2)

n e ., -~ 7 <9
' (1-sin? g sin?q;) 1+ (p8;/p)?

where

al
o

3
£ey P

o)
™y

and 8 4, ¢ are the incidence angles. {See reference 2.)
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FIGURE 20. SHORT ADJUSTHENT TOOL




Again, a degree of astigmatism was noted. The following list tabulates
the measured parameters for the second short setting with optimum H- and
E-plane positions, and shows substantially the same performance as the first
short setting.

Feed Horn to Half Power  FirstSidelcbes
Suabreflector Array Frequency Pattern Beamwidth  withRespectto -
Distance {in.) {GHz) Piane {deg)} Peak (dB)
20. 25 {optimum H) 9.1 H 0.70 -18 ’
8.1 E D. 80 -16
18. 25 {optmumn E) g,1 H 0.79 -in
) e 1 E 0,70 -15

Resulis at the compro-.-ise position are shown below for the second
skort selting with 19.75-inch spuacing from feed to subreflector array:

Hali Power 10-dB First Two Other
Freguency Pattern Gain Beamwidth Beamwidth Sidelobes Sidelobes

- {GHz) Plane (dB) {deg) {deg) {(aB?} (aB)
8.1 H 45.8 8.75 1.30 i4 24
) B - G.76 1.30 15 23
450 - 0.5 1,30 13 27
8.4 H 46.5 0.78 1.40 13 22

Figures 21 through 28 are the second short setting patterns. The
- resulls achieved are very siniilar to those for the first short setting.

3-5 SUBREFLECTOR ARRAY, THIRD SHORT SETTING

The series of experiments, undertaken on a C-band reflector array to
obtain a better formulation for thz surface susceptance variations with scan
‘angle, were incorporated into the third short setting. Figures 29 through 33
‘are the measured results showing sitanding wave ratio as a function of assumed
susceptance values. The estimated susceptance values, including the previously
-measured value for normal incidence and reflection, are listed below.

Bs (0, 0} = 0.384
B (41024, 0) = -0.025 (H plane)
Bg (61051',0) = -0.860 (B plan~)

Bg (41024',900) = 0. 182 (E plane)
Bg (61951, 900) = 0.160 {E plane) .
Bg (38034, 459) = 0. 133 (diagonal plane)

- :Figure 34 shows the apparatus used.
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These data can be approximated by the expression:

1.362 . . 3.871 . -
B, (2.¢) = 0.384-0.337 sin 8, sin® ¢, - 2.025 sin 9, cos? o (3)

This expression was uscd in equation 1 {o set the third shortiug surface for the
X-bard, linearly polarized, subreflector array. Since the astigmatism wa:
found to be negligibie with this third short setting, only paiterns taken at the
best gain position are sbown in figures 35 to 52. All shorts were also trans-
iated a fixed amount so that the center short was haif a guidi~ wavelength from
the entry surface. Following is 2 summary of the patiern results for the third
short setting with 19, 5-inch spacing from ieeqd to subreflector array:

Half Power 13-dB 20-dB First Two Cther
Frequency Pattern Gain Beamwidth Beamwidth Beamwidth Sidelobes Sidclobes
(GHz) Plane (4B) (deg) __(deg) _'(deg) (dB) {dB)
9.1 R 46.8  0.80 1.40 1.83 17.5 27
E  --  0.72 1.20 i.58 18 23
45° - 0.74 1.28 1.67 17 32
9.4 H 45.6  0.82 1.38 1.78 15 5
E  --  0.63 1.18 - 15.5 28
450 - 0.8 1.30 1.62 14 26
9.7 H 45.3 0.35 1.48 -- 15 20
E  --  0.68 1.15 1.53 15 27
- 48 - 0.70 1.26 1.48 16 30
i 10.0 H 471.2 .85 1. 46 1.95 15 23
I E --  0.69 1.20 - 14 25
45 = 0.7G 1.20 1.52 14 o7
8.2 H 45.2 0.79 1.37 1.68 18 21
:- E -  0.71 1.55 1.80 15 25
450 - o.81 1.36 1.80 18 22
8.6 5 - 0.72 1.31 1.72 18 23
E: E  --  0.76 1.25 1.62 16 25
459 = 0.73 1.28 1.65 17 20

X The ceater frequency gain cf 46. 8 dB corresponds to an efficiency of
= 39 percent. The gain has substantiailly improved over previous short settings.

- Having eliminated the problem of astigmatism with tk2 subreflector array, itis
assuné;%d that any remaining loss of gain was due to the broad H-plane beamwidth
{0. 80%).
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E | 5.6 SUBREFLECTOR ARRAY, FOURTH SEORT SETTING

The fcurth short setting assumes a surface susceptance variation of

T

R IT
ity

. 1.382 .5 . 2.53%0
B, = 0.384 -0.337 sin #_sin® o - 1.724 sin 8. cos? o (4

i

T

st

e
i
"

i ;-' )

This differs from the third shorting surface by a modification of the third term
! on the right side of equation 3, This term predominates for the H- plane sub- :
refiector array celis, and the basis for modification was the astigmatism noted
for the first and second shorting surface adjustments. This expression is con-
sistant with the measurement accuracy associated with the C-band surface
impedance tests.

Figures &5 through 55 are the patterns corresponding to the fourth
= short setting, taken at the maximura gain position. A gain of 47.1 dB and
efficiency of 63 percent at 9.1 GHz cccur at this position, and the astigmatism
remains negzligible.

The model parameters for the fourth short setiing with 19. 5-inch spac-
ing from feed to subreflector array are as follows:

]

[y ﬂ:m

ih
illél

i

wm |

v ]

Haif Power 10-dB 20-d8  FirstTwo  Other i
Frequency Pattern Gain Beamwidth Beamwidth Beamwidth Sidelobes Sidelobes
(GHz) Plane {dB] (deg) (deg)  (deg) (dB) (dB)
9.1 H 47.1  0.78 1.34 1.73 17 28
E - G.68 1.18 1.52 17 25 .
450 - 0.75 1.30 - 15 27

To frisure that the feed-subreflector spacing was indeed at 2 maximum :
gain point, small axial movements ¢f the subreflector array were evaluated and
the gain measured at each point. At . 125 ixch toward or away from the feed,

= the measured gain dropped rapidly 1.0m 47.1 dB to 46.3 dB at 9.1 GHz.

3-7 SUBREFLECTOR ARRAY, FIFTH SHORT SETTING

For the fifth sborting surface adjustment, another modification of the
third term of equation 3 was evaluated.

. 1.362 . 1.691
By = 0.284-0.237 sin e, sin® ¢, - 1.563 sin 8. cos?q, (5)

Again,; the basis of modification was the astigmatism previously noted, and the
goal was a narrower H-plane beamwidth within the estimated mieasurement
accuracy of the surface impedance tests.
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Figures 56 through 64 are the patterns taken at the fifth short setting
for the maximum gain position. The gain of 47.1 dB is the same as that obtained
with the fourth short setting, except the beamwidths at 9.1 GHz are somewhat
larger.

The fifth short setting performance within a +5-percent band about
9.1 GHz for 19. 4-inch spacing from feed to subreflector array is as follows: -

o

Half Povrer 10-dB 20-dB  First Two  Other
Frequency Pattern Gain Beamwidth Beamwidth Beamwidth Sidelobes Sidelobes )
{GHz) Plane (dB) {deg) {deg) (deg) (aB) (+150)(dB)

8.6 H 48,7 0.72 1.18 1. 60 18 21
E -- 0.865 1.10 1.60 17 24
450 -- 0. 88 1.3¢ 1.75 16 21

8.1 H 47,1 0. 82 1.40 1.90 21.5 25.5
B -- 0. 69 i.12 1.37 15 26
450 -- 0.76 1.31 -- 17.5 30
9.6 o4 46.5 g.8C 1.37 -- 17.5 28
E -- C. 60 6.95 1.26 14 29

459 -- 0.82 1.37 -- 16 27

3-8 SINGLE ELEMENT PATTERN PERFORMANCE

While the subreflector array astigmatism has been essentially eliminated,
the problem which is subsequently found to result from an H-plane array mis-
match, is evidenced by larger H-plane beamwidth. To investigate the match into .
the waveguide cells concerned, the subreflector array was removed from the
model antenna and element (waveguide cell) patterns in the array environment
were taken. The center cell, and other cells along the center lines of the entry
surface, were probed at the rear by means of a specially fabricated spring finger
coupling, figure 65. The short was removed from the element under test during
measurement of its patiern performance in the array.

The patterns {or various waveguide elements throughout the subreflac-
tor array are shown in figures 66 through 75. These exhibit a nearly uniform
amplitude function theoughout the desired scan angle for all elements tested in
the E plane, which is desired. Element patterns in the H plane show one or
more nulls and more rapid pattern drop-off with scan angle, thus accounting for
the larger H-piane beamwidth in the secondary patterns.

In order to improve the H-plane element mate!s, various configurations
of capaciiive and inductive irises were placed at the entry,and clement pattern
performance was investigated. Best results were obtained with inductive irises
which occupied only one side of the cell. This placement seemed to show best -
results in obtaining a more uniform element amplitude function in th2 H plane.
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Figure 76 illustrates the dimensions of the 1ris and its plzcement 1n
the cells. Figure 77 is the center element pattern {H plane) with irises in
piace.

3-¢ SUBREFLECTOR ARRAY, FIFTH SHORT SETTING, FIRST TYPE
IRISES IN H-PLANE CELLS

After placing the irises in the subreflector array cells which principally
influence H-plane performance, the subrefiector array was remounted on ke
model antenna reflector for the optimuin yain position. Figures 78 tarough 80
show the patterns. Resulte for the fifta short setting with 13, 5-inch spacing
frnm feed tn subreflector array and first type irises are as follows:

Half Power 10-48 20-4B First Two  Other
Freguency Patlern Gain Reamwidth Beamwidih Beoamwidth Sidelobes Sidelobes

{GHz) Plane (dB) (deg} {deg) {deg) {dB) (£159(¢B)
2,1 H 47.1 0. 30 i.40 i.83 23 25
E - 0.7: i. 18 1.42 i5 27
450 - 0.73 1.25 - 15 22

£ slight improvement was noticed in the H-plane beamwidth when com-
pared o that cbiained with the fifth short setting {no irises) at 3.1 GHz2. No
increase of gain resulted, however, possibly due {o the E-rliane beamwidth
broadening which also was noted. Since the best H-plane buaomwidth previcusly
oblained was with the second short setting {(0.75%), those cells wiih irises were
then reset {o the second short setiing and the H-plane pattern investigated. As
‘befare, the subreflecior array was placed at the maxirmum gain position.
Figures 61 ard 82 ave the resulting patterns.

Test results with the sabreflector array, modified second short setting.
first type irises in H-plane cells are summarized as follows for 20.2-inch
spacing from feed to subreflector array:

Balf Power  10-4B 20-dB  First Two Other
Freguency Pattern Beamwidih Beamwidth Beamwiith Sidelobes Sidelobes
{GHz) Plane {deg) {deg) {(Geg) (aB) (£15Y){(dB)
8.1 31 0.73 1.25 1.59 20 20
E 0.7¢8 1.80 -- {Shoulder) 25

The above daia show ac improvement in H-plane beamwidth over the
second short setting with no irises. The E-plane patiern again shows an
astigmatic condition, which indicates that this iris and short combination ra-
presents a poor choice. Since no improvement was anticipated, the gain was
not measured for this configuration.
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To obtain a better indication of main reflecting dish illumination by
the use of feed-subreflector array paiterns, the test arrangement ghown in
figure 83 was established. The subreflector array and feed were rotated about
point P with the illumination being provided by a fixed transmitting horn. A
bolometer was mounted on the feed and the output used to drive 2 pen recorder.

Figures 84 through 100 show the resulting patterns for the parameters listed in
table 1. A test frequency of 9.1 GHz was used throughout.

The feed-subreflector array patterns confirmed those faken on single
elements with regard to H-plane element amplitude variations and nuils through-
out the included scan angle of the subreflector array. Using this arrangement,
another type of inductive iris was investigated with the goal of broadening the
H-plane element pattern.

Table 1
FEED-SUBREFLECTCOR ARRAY PATTERNS AT 9.1 GHz
; Feed to Subreflector
Figure No. Iris | Short Setting | Pattern Plane | Array Distance {in.)
84 None 2 E 20.25
85 None 2 E 18.25
86 None 2 H 20. 25
87 None 2 E -
88 None 2 H 19.25
89 None 5 H 20.50
80 None 5 H 18.50
91 Ncne 5 H 19.50
92 None 5 H 19.50
93 None 5 E 18,50
94 Type 2 5 H 19.50
85 None 5 H 19,50
96 None 5 H 19.50
97 Type2 5 E 19.50
g8 Type 2 5 H 19,50
99 Type 3 5 E 19.50
100 Type3 5 H 19,50

99
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The second and third type irises used for the feed-subreflecior array
patterns are illustrated in figures 101 and 102. As with the first type of irises,
only those cells primarily responsibie for H-piane performance had irises
placed at their entry surface. The third type i1is seemed to yield promising
results based upon feed~-subreflector array pattern performance. These irises
gave the following secondary pattern results, with the subreflector array at the
best focus H-plane position. The pattern is shown in figure 103 and is sum-
marized below for the fifth short setting with 19. 3-inch spacing from feed to
subrellector array and type 3 irises: '

Half Power 10-dB 20-dB  FirstTwo  Other
Frequency Pattern Beamwidth Beamwidth Beamwidth Sidelobes Sidelobes
(GHz) Plane (deg) (deg) (deg) {dB) (aB)
9.1 H 1.08 1.94 - 15 17

The poor H-plare beamwidth obtained with these inductive irises car be
attributed only to the fact that an incorrect short setting is being used. A phase
error existed which may have been corrected by a shorting surface readjust-
ment, but the exact formulation of the change is not easily determined.

3-11 SUBREFLECTOR ARRAY, FIFTH SHORT SETTING,
MONCPULSE TYPE FEED HORN

The single-plane monopulse type feed horn shown in figure 1 was
mounted in place of the conical pencil beam feed. Figures 105 through 111 are
the H-plane sum and E-plane sum and difference patterns using the fifth short
setting for the subreflector array (no irises). The gain of the model antenna is
slightly lower using this type 1ead when compared to results with the conical
feed at the fifth short setting, This is due to the somewhat higher feed spillover
and to the fact that the feed illumination is only approximately that for which the
subreflector array is designed. A summaxy of the performance for the fifth
short setting with 19. 4-inch spacing from feed to subrzflector array and the
monopulse type feed horn is as follows:

Half Power 10-dB 20-dB  TFirstTwo  Other
Frequency Paitern Gain Beamwidih Beamwidth Beamwidth Sidelobes Sidelobes
{GHz) Plane (dB) (deg) (deg) (deg) (dB) (£15°)(dB)
8.6 H 46.7 0.178 1.26 1.71 19 20
E -- 0.75 1.25 1.51 16 2
9.1 H 46.1 0.85 1.41 1.83 17 28
E -- 0. 67 1.00 1.37 15 26 l
G.6 B 46.4 0.8C 1.40 1.90 17 24
E -- 0. 6% 1.00 1.35 i5 19
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4 The above results show that it is possible to use effectively a mono-
pulse feed with the subreflecior array.

3-12 VSWR OF MUDEL ANTENNA

VSWR of the model antenna was measured with both the pencil beam
and monopulse feed horns using the fifth short setting on the subrefiector array.
A somewhat higher mismatch at 9.1 GHz and 8. 6 GHz accounts for some loss
of gain at these frequencies. The results follow:

Feed Horn Frequency (GHz) VSWR
Pencil Beam 10 1.66:1
3.6 1.14:1

9.1 1.30:1

8.6 1.30:1

8.2 1.20:1

Monopuise Type 9.6 1,16:1
8.1 1,21:1

8.6 1.08:1

3-13 POLARIZATION INDEPENDENT SUBREFLECTOR ARRAY

At the time the dielectric-filled subreflector array was fabricated,
the latest information available was the third set of computer-derived short
settings. These settings were appropriately tfransfiormed to concur with the
loaded square waveguide cells of the dielectric array. Once placed, the shorts
can be changed by melting cut the wax from the cells. Figures 112 and 113 are
the paitern data for this subreflector array. Figure 114 is a photograph of the
subreflector array. Zhe tabulated results tollow:

Half Power 10-dB 20-dB  First Two  Gther
Frequency Pattern Gain Beamwidth Beamwidth Beamwidth Sidelobes Sidelobes
(GBz)  Plane (dB)  (deg) (deg) (deg)  (@3) (dB)
8.1 H 45.1 0.76 1.40 -- i5 22
E -- 0.73 i.23 -- 15 20

The results indicate that optimization of the short positions for the
polarization independent subreflector array has not been achieved.

3-14 NOISE TEMPERATURE MEASUREMENT

Measurement of antenna medel nois2 temperature is made in accordance
with IEEE standards(8). This consists of a comparison of the antenna noise
cutput with that of a standard noise temperature load. To minimize measure-
ment error, the noise temperature of the standard is selected to be close to the

nestnine




i N :
. I .«H.xrr..m i qm 1T M HIe »“_ IR
. rfeort w M ot = JTHUHT i
. AT LIS ELLA LRI BT PO A LM SR COTM LR
H 1T 1M I M R S
V NI T T Hialu _}._T;.r R o %
! il s AT L
HHiLh | ! % S
' - [ ved
_ i m ! =
“ WM. | W
, m.ﬂ I 3
A = [ S B
N m . T H.N
P MULHIE ) T y=
A f i i .
| : : o] | B {
, -l..m 102 sees: A : H ! ._ il m_ NH NI M i WR o
' M:T, < ! I il (G AT Bm
i . | T R IR NRHHL T & g
[y . R SR i I e 53
11! _._ | ___ _‘m ._ _...., il | | | 111 TN S .1.&
IR e ) 3]
| eI | 1 1.
| oot | ! B2
iy ] Tk 5~
| miiii i il i -5
| “ ] o
:, l { -
| NI i m i u ,
_ ! [ ! . 3
”v i I ! , n , !
| ! I , i i | ! ,
. _ | Hl7 N i
t+4 by e '
w ! dofrip Ii :
} T _
b ; | At i 1
| | | EHETIETETIROR eI MURY LI TR A I ! M..us.mul..ol




- o e aer cae ow
m ’ & L] - . v ,._
| ok
~ |
| .
_.% T IR B
i SRERe T T ERE LI PEARA '
K{EI YR AL .
H, .Mhu&m _ﬂ i B
[ 1 m x% e ! I K
. iy e ‘ ]
Wid \ o
| a i B 4,;: ,_,. ,
. ! | ' ,
_,
| m. & g
b \ k= it A
b m m ._
3 . o i
1N 5 b4 - '
| W ; b
j : &L
: I s Ex
il h
! ,.» R w | ! ,.“ ! _»m o :
L ; IS ¢ -3
N =g 2R © W ,
e TR T, o e o ;
: w . LU LHE 3751 S EE m -
. 188 LA . o f
_ CT] 8 =
L : ® mw
' 1 v e
" L _
_ i o ) !
, : H w2 IR )
| i ,ﬁ £& :
! IR RH -5 ’
. i i Ml' ' 4
. . w H e..
, | , o |
! _ il ZI.MOS..DI... = .
_ l UM HA I p | ¥
, ( i il g B M o
HRHIRUE HiMIN HHAH v w ,
_ LI L 1! = o
o] T L RSP LT R »
RS L R Lot ,
| il Tl 1 ; w ;
AL 1 I ! i ¢ i L _
4 flLi: ; ,_ il 1 i : i, ! Anpni e L !
) { Wil ) fn il i T “ o
AT TR (RN | JTHR R el ! ow.;.W;.muL o
_
i |




T T AT TR R AR e T AT Gy

POLARIZATION IHDEPENDERT SUBREFLECTOR ARRAY

FIGURE 1id4,




Py S —

auticipaied antennz wmperaiure. The rtandard ioad is a matched resistive

terpination i contrciled physical temperatue using liguid nitrogen (77. 49K)

a8 a cooling agent. The standard is purchased from and calibrated by Maury

Microwzve Corporation. The load has 2 VSWR less than 1.05 over a l-percent

fréguercy band centered at 9. 1 GHz, and is calibrated to 2 temperature accur-

acy of £10X. The quored ..0ise temperature of this lcad is 80°K. The noise

temperatire measurement circuit consists of single-pole double-throw wave- )
guide swiich connected alternately to the antenna under tests and the standard
load. The noise cutput is connected through a precision waveguide attenuator
to a microwave receiver that is pretuned io tie test frequency. The precision
attenuator is adjusted so that receiver noise power output is the same for
alternate positions of the microwave switch. If L, is the attenuator power loss
ratic with the switch connected to the anterna, and Lg is the aitenuator power
1038 ratio with the switch connected te the standard load, then the antenna

temperature is given in terms of the ambient temperature and the standard
1oad temperature by

K
HINLER PRI EMSe A I i)

Shont oy

La
Tant = Tamp *}:’ (Tstg = Tany)
s

Measurements kave been made for the antenna pointing within 15 degrees of
zenith and during the eveninz to minimize external noise sources.

The measured noise temperature of the Iinearly polarized subreflector
artay with the pencil beam feed is 279K. This represents the average of 150
measurements.

. 'The measured noise temperature of the linearly polarized subreflector .
array with the monopulse feed is 327K. ‘This répresents the average of 75
mweasuraments.

.. Inorder to use the nitrogen cooled load at other than 8.1 GHz, the
VSWR of the l0ad was measured and used as a basis for recalibration. The
fcllowing i& 2 tabulation of the load ¥YSWR, calibrated lcad temperature, and
measus'ed noise température of the pencil beam feed and the monopulse fead
using the linearly polariz=d subreilector array.

MODEL ANTENNA NOISE TEMPERATURE

Load Pencil Beam Monopulse
Freguency Load Temp. Feed Temp. Feed Temp.
. (GHz} VSWR {°K) {°K) {°K)
8.2 1.23 84 38 44
8.6 1,14 82 23 26
8.1 1,06 81 27 32
9.6 1.18 83 25 24
i0.0 1.28 85.5 35 7 >
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SECTION 4

DISCUSSION AND SUMMARY GF TEST RESULTS

The following is a discussion of the model antenna performance with
respect to the establisheg goals of the program. Established goals are as

follows:

ANTENNA PERTORMANCE WITH PENCIL BEAM FEED

Parameter Minimum Objective
Noize temperature 509K 35°g

Efficiency

Bandwidth

Gaia

VSWR

Half power beamwidth
10-dB beamwidta
20-dB beamwidth
First two sidelcbes

Other sidelcbes within 159

Remsining sidelobes to +180°

68%

25% at X band
46 4B

iess than 1.3
Less than 0.75°
Less than 1.3°
Less than 1.7°
Less fthan -15dB
-ess than -25 48
Less than -40 48

74%

210% at X band
46 dB

Less than 1.3
Less than 0.7¢°
Less than 1.2°
Less than 1.77
Less than -15 dB
Less than -25 4B
1.ess than -40 dB
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ANTENNA PERFORMANCE WITH MONOPULSE FEED

Parameter Obiective
Noise temperature 509K
Efficiency 80%
Bandwidth 5% at X band
Gain 46 dB
VSWR Less than 1.5
Half powsr beamwidth Less than 0.8°
10-dB beamwidth Less than 1.4°
20-dB beamwidth Less than 1.8°

First two sidelobes

Less than -15 dB

Csher sidelobes within #15°
Remairing sidelches to £180°
Polarization

Less than -25 dB
Less than -40 dR
Linegr

] “The model tests reported in the previous section include performance
using a linearly polarized subreflector zrray with both a pencil beam and
monopulse feed a:.d-a polarization independent subreflecior array using a
pencil beam feed. The summatized results which follow represent ihe best
model performance achieved; which generally corresponds to the fifth skort
getting for the linearly pola_‘ized subreflector array using both pencil beam
and monopulse feeds. )

4-1 NOISE TEMPERATURE
- The ncise temperature of the lineariy polarized subreflector array

with the pencil beam feed is less than 279K and with the monopulse feed 1s iess
than 320K over a 5 percent X-Band frequency range. This satisfies the inini-
mum pencil beam feed perfovmance and the gbjective monopulse feed performance.
4.2 EFFICIENCY

Calculated efficiency for the linearly polarized subreflector array is
shawn in the tabulation below as a function of frequency:




§.2GHz 8.6GHz 9.1GHz 9.6GHz 10.3CHz

Measured gain {(dB) 45.2 46.7 47.1 46.5 47.2
Mismatch loss (dB) 0.04 0.08 0.08 0.02 --
Excess transrmaission

line loss (dB) 0.04 0.04 0.04 0.04 G.04
Excess blockage

loss {dB) 0.08 0. 08 0.08 8.08 0.08
Directive gain (dB, 45.4 46.9 47.3 46. 6 47.3
Maximum gain (éB) 48.1 48.5 48.0 49 5 48.7
Gain loss {dB) 2.7 1.6 17 2.9 2.4
Calculated efficiency

{percent) 54 6% 68 52 58

The first line of the tabulation is the measured gain at the fifth short
positior for which the best resulis were obiained. Since no measuremenis were
taken at the twG ends of the band, however, the tabulation for this short pcsition
uses the third short setting data for these two columns.

The mismatch loss corresponds {o the measured VSWR of the model
antenna. The &xcess fransmission line loss correspornds o length of waveguide
between the feed and access flange.

The excess blockage loss corresponds {0 mounting and adjusiment
rings near the subreflector array which were required Inr niodel fiexibility bat
which would be eliminated in 2 final design.

The directive gain of the antenna is the sum r. the first four items in the
above tabulation.

The maximum gain is that atiainable by an ideai aperture of the model
diameter {117 inches) at the indicated freguency.

ve guin loss is the difference between the idezal maximum gain and the
directive giin, and the efficiency, thus, is the gain loss converted to a
percenicyge.
The calculated efficiency is in excess of 68 percent over a 5-percent
frequency band and in excess of 52 percent over a +10-percent frequency band
for the linearly polarized subreflector array using the peacil beam feed.

A corresponding efficiency calculation for the monopulse feed is
shown below.
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8.6 GHz 9.1 GHz

Measured gain (dB) 46.7 46.1 16. 4

Mismatch loss (dB) 0.01 0.04 0.02

Excess transmission line 0.04 0.04 0. 04 .
loss (dB)

Excess blockage loss (dB) 0.08 0.08 0.08 N

Directive gain (dB) 46.8 46.3 46.5

Maximum gain (dB) 48.5 49.0 43,5

Gain loss (dB) 1.7 2.7 3.0

Calculated efficiency 68 54 50
fvercent)

The results indicate that the measurements were made at an adjustment
position for the feed which favored the low end of the frequency band. At this
end, an efficiency of 68 percent was achieved.

The measured gain of the polarization independent suhreflector array
of 45. 1 dB corresponds to ar efficiency of 43 percent. Additional work 1s
required to optimize the performance of this unit,

4-3 BANDWIDTH

The model performance parameters were reported for as much as +10-
percent bandwidth at X band.

L

4-4 GAIN

The model gain with the Imearzy polarized subreflector array, and both
pencil beam feed and monopulse feed, is more than 46 dB over a #5-percent
frequency band. The measured gain of the polarization independent subreflector
array is 45.1 dB at the design freguency.

4-5 VSWR

Model measurements with the linearly polarized subreflector indicate
a VSWR of less than 1. 3:1 over +10-percent frequency bard for the pencil beam
feed, aud for +5-percent frequency band for the monopulse feed.

4-6 HALF POWER BEAMWIDTH

The half power beamwidth far the linearly peolarized subreflector array .
and pencil beam feed is found to be less than 0.70 degree in the E plane and less
than 0. 82 degree in the H and diagonal planes over a i5-percert frequency band.




The larger H-plane and diagonal-plane beamwidth is attributed to poorer sub-
reflector array element mismatch in these reflection planes.

The half power beamwidth with the monopulse feed is less than 0.75

degree in the E plane and less than 0. 85 degree in the H plane over a t5-percent
frequency band.

4-7 10-dB BEAMWIDTH

The 10-dB beamwidth for linearly polarized subreflector array with
pencil beam feed is less than 1,2 degrees in the E plane and less than 1.4 de-
grees in the H and diagonal planes over a #5-percent frequency band.

The 10-dB beamwidth for the monopulse feed is less than 1. 3 degrees
in the E plane and less than 1. 41 degrees in the K plane over a i5-percent
frequency band.

4-8 20-dB BEAMWIDTH

The 20-dB beamwidth for the pencil beam feed and linearly polarized
subreflector array is less than 1.6 degrees in the E plane over a i5~percent
freguency banil. Sidelobe shoulders in the H and diagonal planes smear the
20-dB ‘beamwidth over the +5-percent frequency band.

The 20-dB beamwidth for the monopulse feed and linearly polarized
subreflector array is less than 1.6 degrees in the E plane and less than 1.9
degrees in the H plane over a +5-percent frequency bard.

4-3 FIRST TWO SIDELOBES

‘ Measured first two sidelobes for the linear polarized subreflector
array are in excess of 15 dB below the peak over a +10-percent frequency band
for the pencil beam feed and in excess of 15 dB below the peak over a i#5-percent
frequency band for the monopulse feed.

4-10 OTHER SIDELOBES WITHIN 215 DEGREES

Measured sidelobes within +15 degrees of tlie beam peak are better than
26 dB below peak level over a 5-percent frequency band and better than 20 dB

below peak level over a +10-percent frequency bang for the linearly polarized
subreflector array and pencil beam feed.

Measurements with the monopulse feed indicate sideiobes betler than
13 dB below peak level over a +5~percent frequency band.

4-11 REMAINING SIDELOBES TO 1180 DEGREES

T T e e e F T AR L AT Lo ert
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. Far out sidelobe level measurements for the pencil beam and mono- g

pulse feed indicate sidelobe levels below 40 dB of the beam: peak over-a i5-per- 3
cent freyuency band. Cross polarized sidelobes are below 40 4B of the beam 2
peak. A representative wide angle patiern is shown in figure 104, 2
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.4-12 SUMMARY

A review of the measured performance indicates that significant gain-
noise temperature performance improvements have been achieved over a 5-
percent frequency band as compared to a conventional Cassegrairn subreflector
configuration, Despite these performance improvements, the pencil beam model
results fall slightly short of the established goals in the following respects.
Principally, the H-plane and diagonal-plane beamwidths exceed the established
goala by up to 10 percent, which, for most applications, will not be sigrificant,
More important, the 68-percent efficiency is achieved over a 5-percent fre-
quency band, rather than 15 percent.

Although reasonably good performance has been achieved with the
linearly polarized subreflector array using both the moncpulse and pencil beam
feeds, the performance is 4s yet somewhat less than the theoreticaily predicted
ideal performance. This was found to be due to the pocrer H-plane element
match as a function of incidence and reflection angles. The measured array
element pattern in the H plane possesses sharp dips which occur at angles
closer to broadside than the angle corresponding to formation of the first
grating lobe. These dips in the H-plane element patitern imply reduced cle-
ment gain in these directions and reduced illumination efficiency for the para-
bolic reflector aperture. Further, it was found that changes occur in the
element reflection coefficient at these angles which require significantly more
shorting surface correction in the H plane as compared to the E plane. Adjust-
ment of the shorting surface significantly reduced the mismatch phase error and
eliminated the astigmatic behavior of the subreflector array. The shorting
surface adjustment does not eliminate the amplitude error, however, which
accounts for the broader H-plane versus E-plane pattern performance of the
model antenna with its subreflector array.

The above-mentioned sharp dips in the array element pattern, for
certain element configurations, have been reported in the literature. Until
very recently, however, the explanation for and prediction of this type of per-

. formance was not possible. Recent reported results (8) indicate that the dips in
the H-plare element pattern, which are dependent upon the array element and
array lattice configuration, can be predicted by considering higher order modes
in the aperture array interface. The implication is that further optimization of
the subreflector array performance would require modification of the array
element and array lattice.




SECTION 5

FOCAL FED LENS-ARRAY DESIGN

The purpose of the focal fed lens-array design is to improve the
efficiency and noise temperature of a focal fed parabolic reflector. The
mechanism for this improvement essentially is the same as for the subreflec~
tor array with a Cassegrain geometry. The lens-array will be placed between
the feed and the parabolic reflector and will be designed to affect an aperture
illumination trunsform. That is, the lens-array will transform a tapered feed
radiation function into a nearly uniform parabolic reflector illumination func-
tion. In addition, the major part of the radiation pattern will be confined within
the individual angle between the lens-array and the parabolic reflector to
minimize spillover.

5-1 DESIGN EQUATIONS

Consider the geometry suown in figure 115. The cartesian coordinate
system originates at the phased center of the feed. A second primed coordinate
system is centered at the parabolic reflector focal point such that

X' =X, ¥y =y, z2=2"+a {1)

Assume a point on the entry surface of the lens-array, P,,, with coordinates
( Xyn, ¥1p 5 2Zyp )» and a point on the exit surface of the lens-array, P, , with
coordinates { X,, , ¥,,, Z5, ). Assume a multicellular waveguide array which
is constrained such that

X

]
w
)

n “2n

Yin = Yon (2)

S —

To achieve a spherical phase front at the exit surface of the lens-grray

A

o 4 B
Pin ¥7~ (Zan = %1p) = Py *C ' &)
g

where 5, is the distance from the feed phase cemnter to P

n and péu is ﬂ'ie
distance %rom the parabolic reflector focal point to P, .

in?
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{2 2 2 12 =2

- Jy" - Y — -
Sin = “Xin ¥¥in Y210 = MTin T3
’ 2 2L 2
Pon “"2:: *Yon *{Zgn -8 4)
. l 2 2
Pan = “Tap * (255 - 2)
12 (s, -2 (5)
Pgn = “11n T %2p

The quantity, g, in equation (3) is the free space wavelength, and \~ is the
guide wavelength for the lens-array. To evaluate the constant, C, . satisfy
the path length requirements «t the center of the lens-array

A
o ¥

P1o ¥~ (Z39 ~Z10) = P2 *C ®
g

which reduces to

A )
C = (2zy, _Zm)(Tg ~-1}+a (7

This is in terms of the central thickness and propagation properties of tie lens-
array, and the distance between feed phase center and parabolic reflector focal
point,

The above phase requirements provide one relationship between the exit
and entry surface of the iens-array. In this jorm, the sclution is stili in-
determinate. The specification of the desired amplitude transformation pro-~
duces a determinis*ic solution,

Let the feed pattern function be descril-ed by E{s), and the parabolic
refiecior aperture design amplitude by F{r}). Conservation of energy requires
that

65 Tp

aee,) = [ 1E23)|*sinede = [ [P(r)]? rar (&)

o o

where ¢ ;; an% rpy are dummy variables for the feed angle and the parabolic re-
flector radius, respectively. Aiso, we have assumed axial symmetry for both
the feed patiern function and the parabolic reflector amgiitude illumination
function.

The function ™(r) is chosen with a2 normalization constant, K, so that
the conservation of erergy relationship is satisfied. As for the subreflector
array design, {1) assume
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"o [ ;! T Y1
F(r) =} w— 1-k{ — (%)
4f2KJ {_ Tmax J

where k and P are the illumination parameters which, respectively, determine
the edge taper and the shape of the function. The quantity, f, is the parabolic
reflector foeal distance, and rmy,x = d/2 is the maximum radius of the parabolic
reflector.

Equation (8) can then be writiea as

2 P e d
Tg 1 2k Iy k< Ia 2P
e,) = . =2 + — (10)
4f2K 2 P+2 I‘max 28+ 2 rmax

To evaluate the normalization constant, K, let s, - 8max @A I'm = Imax.

Then,
i 1 [1 % k2 _J
K= ———m—— | =~ — + (1n
4f 2 2 P+2 2P+2
(?) Q8pay)

{ Tn 2 1 2k 1’ T i k2 I 2
ey, [— ) | =- +
Tpax 2 P+2 ‘r,_,,ax P S §

1 % k2]

Q(e,) =

(12)

| 2 spr2 o2
Now the aperture radius vector is related to the lens-array exit surface
angie by
r? = 4e® tan? (85,/2) (13)

In terms of the exit surface (oordinates

T, E' Mz (19)

2 2 2
- Top = Xgp ¥y, {15y
from equation (14)
k of 2 ré
Zogp -2 = Ty | 1 —(—-——-.”/rﬁ“\ /2(5—-—21 foas)
D 2n af/d at/a / (16)




To evaluate this expression at the center of the array, let rg,

and rm ~ 0. Therelfore,
/r
Zyg -8 ~ 2£/d f\~ /zn )

- rmax K

now also

Ton = 245 tan 8,
andforam-'o

Tan = Zyp sin 8,

also from equation (12)

— e ——

I, YQ(e,) [1 o k2 M2

Tpax Q(8,,.) §~?‘P+2'?‘P+%}
Therefore,
sin 8 +2Q (5.
Zgg -2 ~ (2£/d) 24, - wax)
- o —i/2
1Q(e )r"“z‘;-—z 2;4-2]
But for L
Ige)]2 =
[E( )%at g=p " L
then
[ sin 9,
¥ g
and -
1/2
_ —— 11 % k2
Z9p -8 = (4£/d) 216 ‘Q(emax Y/ _2--2?+2+2P*2
Also
l_l o 1/2
- (4f/d 3
P2 2P+2 (42/2) (230 - 240) ¥QUoyq,)

T o g —11/2
2 2?+2+2P+£1 - (4f/dy 4 ,Q/ﬁmax
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To evaluate the expressions for the edge ray, let Ty ~ Tipax and
T N . Therefore, from eguaticn (14)

Zomaz " & = Tyo.. [1-d2/16£21 2£/4 (25)

Using equations (3), {7) and

Plaax = Timax/Sin {85ax) (263
Pamsx = Tymax (1+6%/157%) 2£/4 (27)
zlaax = rlmax cot (51531) (28}
we find that
1 Ay 2
Az | — {j— 1-42 2 =
Z Ay [-Ag Tizex (1-d°/18f%) 2f/d Ag Timax €Ot (8,.,)
Vo

- or.
+ ipex

~Tygax (14d2/16£2)21/4 4 ey fi 2 1
Sin 6,  leax : "0 g (107 J (29)
g

h ﬁgi?%iﬁfe_-:iez;éé_a;%férsahﬁon will follow the same general procedure as for the

‘&ubrefléctor-array: (4) The inpat parameters are:

.. 7 & “Parabolic refiector focal length to diameter ratio (f/d).
B £ ’fﬂféi:imﬁn’z léns-array radius irlmax}'
e TFoed patiern function, E(s), and maximum feed angle, 8max.
¢ Design illumination parameters, k and P,
¢ Free space to lens-array wavelength ratio, Ao/ Mg
¢ Center thickness of the lens-array, {zog - zm).
.

Waveguide cell spacing and geometry.

The solution then prceeads as follows:
(1} Caiculate Q (8 pay) from equation (8)
(2) Caiculate a from eguation {29)
{3} Calculate Zyp from equation (24a)
(4) Since (z9g - z1g) is known, calculate zig from
‘ 210 = Zag "~ (20 - Z1p) (30

JeaT———




then

(8}
{7)

(8)

(9)
110
{11)

(12)
(13)
(14)

(16}

Increment ry, in accordance with the number of lens-array radii
for which solutions are desired.

£ rin/Tmay = 0, then 23y = 295 and 24, = 23

Xryp/Tmax = 1, then zgy is obtainéd from equatior: (25) and
Z1p is obtained fmm equation {28).

I ry,/rmax is not equal to zero and is not equai to 1, then solve
using one of the fcllowing iterative procedures.

Asseme (rm/Tmaxk = Fin/T1 max)

Calculate {Q {5 j1; from equation (12) -

Calculate (e ,,); from eguation (8). The relative difficulty of this
step will depené upcn the form that is assumed for the feed pattern
function. X we assume, for example,

B(8) = cos" 9 (31

-i 1 f£2n + 1) )
- {2 +1) QS ’ (32

74
1
"
8
7]

Solve for {zg,); using equation {16)
Seive for {zin); using equations {3}, {4), {5}, anc (7)

Calculate
{Tip}; = {25, tan 6, {33
H
) - (Tiadg,
i L« (38)
Tiaax

where = is an arbitrarily small mamber, then a sclution has been
found and the calculation continues with stey (18). Otherwise, let

e o

7. !
Wan/Tpazdy 43 = (Te/Tagpdy (Typ)s/Ty ia {37

and corntinue from siep {10].

Establish a 1imit on the maximam number of iteraticns. This
nuicber will be based upon experience with a particular set of
caiculation parameters. Subreflector array desion calculatiens,
for example, used 100 iteratiovs as being sufficient.
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A

parabolic reflector.
- fge*.e evaluation of this technique. »

{17} X the solution does net converge within the established maximum
number of iterations, then replace equation (35) with

; T, T -
+{ z)(laaz tn n

\ =ax r!sax (rla)l;

.
£
02

M

(rmjrsax)i +1 7

- and continue from step (9).

"

{18} Upon satisfying the convergence test described by equation (34), the

solution is essentially complete. Let

L)
w
]
L

Z1n = (Z50)4

o~
&
L

2oy = (Z?_n)i

This establishes the lens-array contour for the particuiar vahie of
the radii rj,. The solution then continues from step (5) until ail
desired radii values are complete.

5-2 LENS-ARRAY SUMMARY

Préceding has been a discussion of a detailed procedure for a lens-
-array design to improve the efficiency and noise temperature of a focal fed
There are, in addifion, other considerations for a com-

S The lens-array is visualized as a multicellular waveguide structure.
A-lnearly polarized design would use rectangular waveguide, while a polariza- s
’*:ion independent design might use dielectrically or ridge loaded square wave-
gmde. Cther waveguide cross-sections also are possible; and the leas-array
mighit be fabricated in light weight strip transmission line using compatible

radiating elements.

For lightweight and/or broaiband lens-array applications, considera-
Hiop can k2 givasn fo zoning the siructure. Zoning techaigues would b2 similar fo
those developed for the subreflector array. (%)

-Sarface mismatch effects for the lens-array must alsc be considered.
in-this case, it would be necessary tc matek both surfaces of tiie ieas-array
minimize reﬂe:.uerx losses and traasmission phase errors. In this respect, the
dégign of a leris-array would be more difficult then a subreflector array, which

gses iﬁ}nstment of the shorting surface {o achieve partially the desired mis-

‘aten correction, Surface mismafch effects for a lens-array will te a function

of mc;dence aud reflection angles, as well as relztive orieniaticn of the electric

ficeld vector. This will generally require maiching surfaces that are different

jor the two lens-array faces, and which vary over each face. :
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The desiga of 2 lens-array must aiso inclede diffraction pattern per-
formaace evaluztion of the structure This is to insure that the lens-array
element spacing and other design parameters are satisfactory, and that the
Adesign ilumination fuacHon is achieved.

Tie applications for lens-array performance improvement would
include both operational antenna systermns and new designs. The lens-array
will introduce additional support structure requirements, as well as additional
blockage and loss. This will tend to minimize the efficiency and noise tempera-
tare improvement that can be achieved with this technique.

The decision between 2 foeal fed or a Cassegrain reflector configura-
tion is generally based upon allowable blockage for a particular design. The
Cassegrain configuration is selected because the feed is near the vertex, is
more zccessible for transinission line connection, and represents reduced feed
sapport problems.. The focal fed cornfiguration generally is selected whon the
subrefiector represenis excessive biockage, for a minimum, in the order of
10-wavelength diameter. ¥ this is the case, lens-array blockage, for the focal
fed configaratBion, would also represent excessive blockage. The minimum main
parapolic reflector diameter for Cassgegrain geometry is in the order of 80 ic
160 wavelengihs for a low aperture blockage, high efficiency design. Very
similar mirimam size Hmitations alss apply for use of a lens-array. It is also
Iikely thaf, Yor cases in which a focal fed and lens-array combination would
provide improved antenna performance, « a vertex feed and subreflector-
array would provide similar improvement. The vertex feed znd subreflecior
array might then represent a better design choice.
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SECTION 6

CONICAL SCANNING AND MONOPULSE SYSTEMS

This section considers the uge of inverse taper transformation for
conical scauning and iuonopulse antenna systems. Both the similarities and the
difierences between subreflector array design for the two tracking feeds, as
compared to ~ pencil beam feed, are discussed.

independent of feed type, suhreflector array desigh, tu achieve inverse
taper fransfc-mation, depends upon specification of the feed horn pattern
chara “‘eristics. The present desgign techniques require axially symmetrical
feed pattern characteristics, low spillover power beyond the edge of the sud-
refi2ctor array, pattern polarization independence for a feed with arbitrary
polarization capability, and non-astigmatic feed properties. The degres: to
which these properties are achieved, by either a tracking or pencil beam feed,
will determine the antenna efficiency and noise temperature performance which
can be achieved.

6-1 CONICAL SCANNING SYSTEMS

For the conical scanning feed systiin, the significant antenna parameters

are the boresight gain, modulation oeﬁsitzvity, and pattern symmetry. Boresight
gain and modulation sensitivity are inversely related, so that a compromise must
be made in termg of the beam squint angle. The use of subreflector array tech-
niques, in conjunction with a conieal scanring feed; can be expected to increase
the gain of the squinted beam. This will provide the foliowing design alternatives
as compared to the use of 2 hyperbolic subreflector:

¢ Improved croasc}ver'gain for the same beamwidtii separation and
modulation sensifvily

9 Improveda modulation sensitivity for increased beamwidth separa~
tion and the sume crossover gain

e A compromise improvement for both the crossover gal ain and
i modulation sensitivity.

In-addition, the use of electronic phase shifters between the gatry and shorting
suriaces of the s@breflector array provides a means for a2n inertia-iess conieat
scanning system. Also one mighit consider design of the subreflector array to
minimize the off-axis scanning aberrations of the conical scanning feed.

VMK




Subreflector array design is different for the corical scanning feed,
as compared to 2 simpie pencil beam feed, in terms of the ofi-axiz fzed re-
guirements and the somewhat asymmetrical feed amplitude illumination. The
affect of the small asymmetrical illumination will be insignificant. This is
substantiated by calculated perfoymance for various feed illumination functions
with 2 given subreflector array. {4) These results indicate less than 1. 5-per-
cent efficiency change for as much as 3-dB change in the feed edge taper.

Subreflector array ofi-axis scan properties will be substantially the
same ag that for the replacement hyperbolic subreflector. The principal differ-
ence is in terms of the more nearly uniform amplitude illumination function
which is characteristic of the subreflector array. This will produce 2 some-
what mocdified beam deviation factor and a somewhat larger coma error effect
for a given beam scan angle. This is offset, however, by the reduced sub-
reflector array beamwidth so that substantially the same aberrations wili be
evidenced in terms of beamwidths of scan.

6-2 MONOPULSE SYSTEMS

Monpulse systems, although similar to conical scan systems, obtain
tracking information by use of fixed rather than scanned beams. Mouopulse
feed types include (7) (1) the four-horn feed, (2) the five-horn feed, (3) the
twelve-horn feed, (4) the one-horn feed, (5) the two-horn dual mode feed,

(6) the two horn triple mode feed, and (7) the four-horn triple mode feed. The
essential differences between feed types are based upon polarizstion reguire~
ments and the desire to optimize the sum channe! gain and the difference
channei slope by providing difference feed aperture sizes for the various mono-
pulse channels.

With respect to the sum channel illumination function, the transforma-
tion is the same s for a pencil beam feed. A sum channel gain improvement
can be expected by trans{ormation of the tapered feed pattern function into
a more nearly uniform refiector aperture illumination function. This is
indicated by the reported measurement results using a single plane monopuise
feed. The above monopuise and conical scanning feed discussion pertzins fo
both the cassegrain and focal fed antenna geometries. Substantially the same
performance would be aaticipated using either a subreflector array or 2 lens
srray to achieve the desired illumination taper transformation.
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SECTION 7

CONCLUSIONS AND RECOMMENDATIONS ‘

This report concludes a program of investigation concerneq with the
development and evaluation of an inverse taper transformation techuigue, used
in conjunction with 2 p2rabolic reflector to achieve high efficiency and low
nmse temperature 2ntenra performance,

The d=5ign equations for the subreflector array structure have been
éevemped. This development is bused upon achieving high aperiure illumina-
ticn, low noise temperature llumination functions which are within the diffrac-
tion limitations of the sixrucwre. The design includes calculation of the entry
surface and shorting surface contodrs of the subreflector array and diffraction
natiern performance ealculation for the unit. Shorting surface calculations
_Inclade the effect of inpat surface impedance parameters, propagation rath
ie,zgth Jn the multiceliular waveguide medium, 2nd zoning tc achieve sither

xﬁinimum depth or maximum-baidwidth performance.

- A demonst:catzc& model basea ot the above degign has been built 2nd
tested at X band, ‘I‘hzs hag wtilived a 10-foot dicmeter varabolic reflector and
A- linearly polarized and a polarizarion independent subreflector array both of
wﬁich: are nomiraliy 15 inches in ci;ameter. Tests have been conducred using
508} a ddai made comcai pencil beam ieed hors and 2 sin gle plane monopulse
feed. - . )

- ’1‘0 optlmize model performance, tests have heen conducted using
vamous shorting surfzce dessriptions. ?mg:.e element pattern characicristics
have been examined in the array environment. Also, patiern ineasurements
have been made using the feed-subreflector array combinution, as well as the
feed-subreflector array-parabolic reflector combination. Surface mismatch
wuffects have been examined and variove watehing configurations have been
_investigated. Testzhave been conducted to determine the necessary shorting
surface modification to minimize the phase error due to surface mismatch.

Tests performed oxn the breadhoard model antenna include grincipal
nla“te and &agonaz plaiie patierns. VSWR, gain, and antenna noise temperature.

, #aodel teste using both type ‘ené horns and the linearly pomzzed sub-
refiector array irdicate that antenna efficiencies uf 68 percent can be achieved ’
overa S-percent frequency band. This represents a significant efficiency
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improvement as compared to model measurements of 51. 3-percent efficiency
using & conventional hyperbolic subreflector. Model noise temperature mea-
surements indicate 270K and 329K for the pencil beam and monocpulse feeds,
respectively over a 15 percent frequency band.

Model tests using the polarization independent subreflector array
indicate an antenna <fficiency of 43 percent for this configuration. Optimization
of the shorting surfauce has not been achieved and must awsit advances in the
technology of subreflcctor array surface impedance matching techniques for
dielectric Joaded elements in this very special environment (curved surfaces,
rapid amplitude variations, etc.).

The above model program has been based upon 2 parabolic reflector
focal length-to-diameter ratio equal to 0. 4. Increasing the focal length-to-
diameter ratio to 0.5, for example, would improve the periormance of the sub-
reflector array since the range of incidence and reflection angles would be
reduced for this gecmetry. The degree of improvement with increasing focal
length to diameter ratio iz not known at this {ime. An efficiency improvement
from 68 percent to T5 percent represents an upper limit, however, for a 100
wavelengtn aperture as indicated by the theoretical subreflector array ealcula-
tions in Reference 4. Also, due to increszsing reflection angles some degradation
in efficiency would be predicted ty reduction of the focal length to diameter ratio
0. 25.

The model antenna aperture size of approximately 92 wavelengths is
found to be near minimum for a significant noise temperature efficiency improve-
ment. This is based upon inverse taper structure blockage which places an
upper limit on the size of tiie subreflector array. Diffraction limilations place
a lower limit on the size of the subreflector array which is based upon the
resulting aperture illumination efficiency that can te achieved. It is concluded,
therefore, that designs for smaller parabolic reflector aperture sizes will show
smaller efficiency improvement and that larger parabolic reflector aperture
sizes will show larger efficiency improvements. Techniques for estimating
efficiency variation with aperture have been establishad in Reference 4, Typically.
it is estimated that an efficiency of 60 percent could be achieved with a 50 wave-
length aperture and that an efficiency of 72 percent could be achieved with 2 200
wavelength aperture over a 5 percent ‘requency band,

Inverse taper transformation terbniques, for use with g focal fed
parabolic reflector, have been examined, 7The design equations for a lens
array to accomplish the above transformation have been established. The
utility of this techrique is limited, however, by leas array blockage. Typical
efficiencies which might be anticipated for the focal ied geomeiry are the same
as those for a casscgrain configuration. Thatis;, 60, 68 and 72 percent fcr 50,
100, and 20C wavelength aperturesgyrespectively. In all czses for which modifi-
cation of an existing focal fed system is being evaluated, the use of 3. subrefiecior
array ang vertex feed should be considered as an aiternate to 2 lens <ray and
focal feed.
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I R By virtue of the subreflector array and the lens array design the power
" -gensities on the structure will be considerably less than those at the feed. The
- gtructure is sufficlently simple so that no significant high power handling limita-

tions are anticipated. A high power capability of up to 10 megawatts at X-Band
should not represent a problez,

. The model antennz and design calculations performed during the study
program have been specifically concerned with X-Band operation. The design
techniques are directly scalable with frequency. This would permit structure
design and performance estimates for any operating frequency band within the
range of frequencies from 0. 40 to 10. 0 GHz.

The results to date have demonstrated the present state-of-the-art

~ capability of the inverse {aper transformation subreflector array techrique.

All design areas have been investigated and analyzed in depth, particularly,
aperture theory, mecasuremenf, and mutual coupling concepts.

Element pattern characteristics and impedance matching for very
broad angles remains the only significant problem area, particularly in the
H plane, With the present mode}, the incidence angle from the secundary sub-
reflector array normal tc the edge of the dish is much larger than 60 degrees.
The prchlem is aggravated at the edge of the subreflector array since these
cells are contoured backward. The reflecting cells at the edge are required to
illuminate the dish at wider angles than they can "scan', in the H plane., There-
fore.the E-plane illumination inherently drops off much faster at the dish edge
than:is expected from simple ray optics or diffraction pattern reflection pre-
dictions. A number of technigues were unsuccessfully investigated during the
above program to minimize this problem iudicating that a basictechnical break-
through iz neceseary to effect further imprevement.

The requirement for such a wide "scar" angle is beyond the state-of-
the-art, 60 degrees being about the upper limit of H-plaze scan. The probiem
isunique, too, because of the steep amplitude gradient and the spherical phase
gradient w}uch exists at the surface of the secondary subreflector array.
Usually, arrays of elements work in concert to form a plane wave with cnly
medérate amnlitude gradients. Further theoretical and experimental investiga-
tion may lead to closer correlation to the theoretically predicted efficiency-noise
temperature improvement, but the direciior and basis of such an investigation
is not defineable at this time.
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